ABSTRACT. Insertion of a 12-nucleotide repeat in c-myb gene exon 9 was observed in about 15% of sporadic bovine T-lymphomas. The 12-nucleotide repeat in the T-lymphoma cells showed deletion and insertion of the repeat units during cultivation of the cells. To know whether deficiency in DNA loop repair is involved in the instability of the repeat, abilities to bind and correct the loop structure in nuclear extracts were examined. The nuclear extracts of all examined cells had ability to bind and correct the loop structure. These data suggest that instability of the 12-nucleotide repeat in bovine T-lymphoma cells might be independent of deficiency of DNA loop repair function. -KEY WORDS: instability, loop repair, repeat.
The mammalian genome contains many sequences that consist of one-to twelve-nucleotide motifs repeated numerous times [2] . Deletion and addition in such simple repeats are an important source of genomic change and associated with a variety of tumors exhibiting genome instability [1, 7, 9, 14, 17] . For example, tumors developing in hereditary non-polyposis colon cancer (HNPCC) patients display frequent mutations within (CA)n and other simple repetitive sequences. Germ line mutations in hMSH2, hMLH1, hPMS1, and hPMS2 have been implicated in HNPCC [3, 4, 12] . Since these proteins are involved in the correction of DNA replication errors, deficiencies of function of these proteins appear to be the cause of the genome wide instability in HNPCC.
The c-myb is a proto-oncogene encoding a DNA-binding transcriptional activator that is thought to regulate genes critical for hematopoietic cell growth and development [11, 15] . In previous study, we reported a tandemly repeated 12-nucleotide motif (TGATCTGCCCGT) was inserted into the c-myb gene exon 9 of about 15% of sporadic bovine Tlymphomas [16] . The number of repetitive unit ranged from five to 22 copies. The 12-nucleotide motif was comprised of sequence similar to flanking sequences of the insertion. The insertion of a 12-nucleotide repeat have also been reported in K-ras gene exon 1 of chemically induced tumors in rats [6] although the sequence of the motif was differ from the 12-nucleotide motif in c-myb gene.
Bovine T-lymphomas containing the 12-nucleotide repeat expressed two kinds of c-myb mRNA: 1) are that included the repetitive sequence in exon 9, and 2) are that lacked the whole sequence of exon 9. It was demonstrated that the insertion of the 12-nucleotide repeat enhanced exon skipping and mutant c-Myb lacking exon 9 had 3-to 8-fold higher transcriptional activating activity than wild-type c-Myb. Thus we tried to know features of the 12-nucleotide repeat.
To examine the stability of the 12-nucleotide repeat, we used bovine T-lymphoma cell line BTL26, a clone of BTL-been thought to be due to loss of function to correct DNA loop structure arisen by slippage during the replication of simple repeats [17, 19] . The first step of the repair has been considered to be recognition of the loop structure. Thus, we examined T-lymphoma nuclear extracts for an ability to bind DNA loop structure. Electrophoretic mobility shift assay (EMSA) was performed as previously reported by Hernandez-Munain and Krangel [5] , with some modifications. Briefly, nuclear extracts (1-9 µg of proteins) were mixed with 0.5 µg of poly(dI-dC) in 10 µl of reaction mixture containing 10 mM Tris-HCl (pH 7.5), 50 mM NaCl, 1 mM EDTA 1 mM dithiothreitol, and 2% glycerol. A radio l a b e l e d o l i g o n u c l e o t i d e O N 1 ( 5 ' -ACTCCATCTCTGCCCGCGGATCCCGGCTCCCTAC-3') was annealed to an oligonucleotide ON8 (5'-
) containing the 12-nucleotide motif (14 unpaired bases) at its center. The radio labeled heteroduplex probe ON1-8 was added to the reaction mixtures and incubated for 15 min at 37°C. As competitors, u n l a b e l e d O N 1 -8 a
), a oligonucleotide with the 14 unpaired nucleotides of ON1-8 realigned randomly, were added to the reaction mixtures before incubation with the radiolabeled probe. Samples were electrophoresed through 7.5% polyacrylamide gel in 0.5 × TBE and exposed to X-ray film.
When 3 µg of nuclear extracts were used, one abundant complex (indicated by arrowhead) and an array of minor complexes with lower and higher electrophoretic mobility were observed in nuclear extracts of BTL26 (parent) and Pr2181, a bovine T-lymphoma cell line without the insertion of the 12-nucleotide repeat in c-myb gene (Fig. 2) . By addition of 5-fold molar excess of non-radioactive competitor oligonucleotide ON1-8, the signal of the band indicated by the arrowhead was weakened in nuclear extracts of Pr2181, YS1 (a bovine T-lymphoma cell line), and BTL26 cells. The band was hardly visible in the presence of 40-fold molar excess of the unlabeled ON1-8. On the other hand, the band was not weakened until addition of 40-fold molar excess of the unlabeled ON 1-11. These results suggest that nuclear factor(s) bound specifically to the unpaired bases of oligonucleotide ON1-8 and that binding activities of nuclear factor(s) in all cells examined were almost the same.
To investigate whether the BTL26 cells were defect in the DNA loop repair function, an ability to correct the loop structure was compared between whole cell extract of the BTL26 cells (parent) with 17 copies of the 12-nucleotide motif and whole cell extracts of Pr2181 and YS1 cells, bovine T-lymphoma cell lines without the insertion of the 12-nucleotide repeat. The circular heteroduplex substrates (WT:D and D:WT, Fig. 3a) for in vitro loop correction were prepared using pKS+WT and pKS+D plasmids [16] as described by O'Regan et al. [13] . The 11-nucleotide loop (TTGGGCCCGTT) is positioned in a heteroduplex cassette sequence such that correction to WT strand without the inserted sequence creates a BamHI site, whereas correction to D strand with the insertion generates an ApaI site (Fig.  3a) . These BamHI and ApaI sites are cut at position 0 by appropriate restriction enzymes. The heteroduplexes contain a site-specific nick within an NotI site. The loop repair Fig. 2 . Binding of T-lymphoma nuclear extracts to the loop structure. Radio labeled ON1-8 oligonucleotide was incubated with increasing amounts of nuclear extracts (1, 3, and 9 µg of proteins) in the absence of a competitor or with 3 µg of nuclear extract in the absence or presence of increasing amounts of competitors (5-, 10-, 20-, and 40-fold molar excess). ON1-8 complexes were resolved by electrophoresis. Arrowhead denotes the DNA-protein complex. assay mixtures (20 µl) contained 20 mM Tris-HCl, pH 7.5, 5 mM MgCl 2 , 1 mM glutathione, 50 µg/ml bovine serum albumin, 0.1 mM each dNTP, 1.5 mM ATP, 70 mM KCl, and 10 ng of heteroduplex DNA. The reactions were started by addition of extract (70 µg), incubated for 60 min at 37˚C, and the reactions were terminated by the addition of 30 µl of 25 mM EDTA, 0.5% SDS and proteinase K (50 µg/ml). After further incubation for 15 min at 37˚C, the mixtures were extracted with phenol: chloroform and DNA was recovered by ethanol precipitation. Precipitated DNA was dissolved in the buffer for digestion with restriction enzymes (Boehringer Mannheim GmbH, Mannheim, Germany). Digestion products were separated on 0.7% agarose gels, denatured, and transferred to Hybond N filters (Amersham Life Science, Buckinghamshire, UK). The filters were probed with radiolabeled random-primed pKS+ plasmid linearized with EcoRI. Radioactive DNA was localized by autoradiography. When the WT:D heteroduplex treated with whole cell extracts of Pr2181 and YS1 was digested with ApaI, 56.4 and 55.3% of WT:D were detected as a fragment of 4.1 kilobases (kb) (Fig. 3b and Table 1 ). Similarly, the fragment of 4.1 kb were detected from the WT:D heteroduplex treated with the cell extract of BTL26 on a percentage of 54.1. These results indicate that the cell extract of BTL26 carried out repair of the loop structure as well as those of Pr2181 and YS1. By digestion with ApaI, 54.1-56.5% of the WT:D heteroduplex treated with these cell extracts were detected as the 4.1 kb fragment, while by digestion with BamHI and EcoRV, 18.5-24.7% of them were detected as the 4.1 kb fragment. These data suggest that the WT strand with the nick was repaired more efficiently than the D strand by these cell extracts. When D:WT was treated with extracts of BTL26 cells, Pr2181 cells, or YS1 cells, digestion with ApaI or BamHI plus EcoRV yielded fragments of 4.1 and 5.1 kb. Contrary to the WT:D heteroduplex, the 4.1 kb fragment of D:WT heteroduplex produced by digestion with BamHI and EcoRV was more abundant than the 4.1 kb fragment yielded by digestion with ApaI. The observations suggest that the nicked strand was repaired more efficiently than the strand without the nick. These data are consistent with loop repair by human cell extracts that correction is directed to the nicked strand [19] . Our observations suggest that instability of the 12-nucleotide repeat might be independent of DNA loop repair function.
In the present study we showed that the 12-nucleotide repeat was highly unstable in the T-lymphoma cell line BTL26. Because several specific mutations in the same cell are necessary in order to develop a tumor, such a high mutation rate, probably based on a disturbance in the stability of the genome, might be contribute a tumor development. It has been thought that deficiency in repair of loop structure risen by slippage during the replication causes the insertion and deletion of repetitive sequences [17] . Thus we had expected the BTL26 cells was deficient in DNA loop repair. However, nuclear factor(s) in extracts of BTL26, Pr2181, and YS1 cells had almost the same binding activities to oligonucleotide probe with loop. Besides, the BTL26 cell extract had ability to correct the loop structure as the other cell extracts. Namely, activity of DNA loop repair in the BTL26 cell extract seemed to be normal. These results suggest that high mutation rate seen Fig. 3 .
in the cells containing 12-nucleotide repeat might be independent of loop repair function. Recently, dodecamer repeat expansion was found in human cystatin B gene in progressive myoclonus epilepsy [10] , whereas any correlation with deficiency of loop repair mechanisms have not been reported. Perhaps, some causes for the repeat instability other than deficiency of the loop repair system might be exist.
